ITENT ABSTRACTS OF JAP^ 



(1 DPublication number : 



2000-219598 



1 • - 

(SDlntCI. 




C30B 29/06 
C30B 15/20 




{21)Application number ; 
(22)Date of filing : 


: 11-023765 
01.0Z1999 


(71) Applicant : 

(72) Inventor : 


SHIN ETSU HANDOTAI CO LTD 

HOSHI RYOJI 
SONOKAWA SUSUMU 
SAKURADA MASAHIRO 
OTA TOMOHIKO 
FUSEGAWA IZUMI 



(54) EPITAXIAL SDJCON WAFER. ITS PRODUCTION AND SUBSTRATE FOR THE SAME 

(57)Abstract «„i+avial eilicon wafer which contains no I region (interstitial-silicon-rich 

PROBLEM TO BE SOLVED: To prov.de a h.gh ''"^'^^ ^P^^^j^^^^^^^^ whole surface and is produced by forming 

region where interstitial silicon atoms ^'^.^^^''f^T^' ^^^ZZZ^^ silicon wafer and in which no projection-shaped 

a wafer from a silicon single crystal and ti^en „f the epitaxial layer exists, to produce a single crystal 

surface deformation observable as P~J-^-"f ^r^^^.^^^^^^^^^ crvstal throughout the whole surface, in good 

containing no I region within a sl.ced surface .n the ^'^""^^^J^^^"-^^ * the epitaxial wafer. 

yield, to improve productivity of the ^P-^^^^f/^^;^^^^^^^ no projections having >100 nm size and >5 nm 

SOLUTION: This production process for forming «Pf ^^^^J' 7 by a CZ(Ozochralski) method, comprises: growing a 
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(54) B6ig®«W] 



(57) [Sf^] 

[Jgi^^S] xfd!+i/i'-'Hi±<'C, 1 OOn 

mJW±. Si S 5 n nitl±<D5^*^#ft t '^c O x f 5? + -> 

C ^ U =1 > ■t' - ''^-tW^ ^ 5? + ^I'B *Sty X f 
if 4=^ -r y 3 > i — 



C2) 



il/-C. 1 0 0 nmJJl±, l^S 5 n mtU:©?^ii 

Jjiffttb % 'J =^ > X ?:^-r S C t <!: 

i L -C , I ( C C CCI i e StS^-F^ 10 

^. c i *!RFgtt -r -5 J- f$ + ^i--^ y 3 > "i? ^ 

-r s X f + '> 1- ji'j^ y =» '^"f 
•r •!> if 4 L/ fcx f ^ + + ^wj^ =» > - 

6 ] Buia'> y 3 >*ieS©fi!cfi^fr F /G 
[mm' /'C • m i n ] (CCtCF : ^fga^RRSjlS 
[mm/m in]- G : ^iSB^fiSfi^Mia^'r'O^SS^ 
Stt:S-I^®SS^BE ['C/mm] if*) =&. 0. 18 
mm' /-C-m i ntiiiLX, ffiln^O. 03Q-c 

icvm^tit, ^:fii)^SE.^^rsm'f-ictt^smfj:mm 30 

[If «3S 7 ] BuiS V 3 F /G 

F/O720-P' -37-p + O. 65 
(CCKp : #^S©a!n* [Q • cm] fTS) KSf 
^*>©iL't:, P^-CO. 0 3 Q - c mtiTWt&ffitn^ 

*a 5 «:i2«8Lfcx f if+ + ^l/t^ y 3 > x-/N©« 
|^I,C^fi81»«S«^5 0 0~6 OOOGau s si-r2.C<t 

leiS i/?cx f ^ -> + y 3 > X - ^x©si^:&^o 
9 ] fgi2taK^ieG©S7?i^^^5«cfei,^-c , 

ii>^j: < i €>— spec 3 . 0 °C/m mJ^^± i U ^^^^i^^ 

mAtjii,^ bumm 8 ©<- ^-rnjip 1 ^kibss t- ?cx t- ^ + so 
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i/ + ju-> y 3 > X - >'^©l?^:&So 

1 0 ] mmmm^B0S.S:^(om^BMm 1 0 r 

9 ©i^rn*^ 1 JHKiiBtsufcx t: if + + ^vi^ y 3 

x-yN©S{S:&ffi. 

[i*^«i 1 ] iiiS^iga©W)S«:*$c»-c. ita2 5 

0 mm ( 1 0 >f &±<Oizm.mM^m^Bi^^WiBirZ> 
Ci?:^$®ii-r'2)«*9-4'5:«'»L'iS*^l 0©C>-rn3!P 

1 «Kiatg Lfcx f + -ivi' y ^-i" i -^^©i^& 
[«^ 1 3 ] mtin^.2tj:i,^vm^-m 1 1 tciatg 

[^H^©i$*ffi^j:ift?^] 
[0 00 1] 

[^?8©)S-rsS'rf5^»] ;»cii:sxe^+i' 
-pjv->y 3 >'^x-/>fe<fcc/-e-©ii{3t:^ft3fewcxei? 

y 3 >'^'x--'^ffla®KM-r?> fe©-c*^o 

[0 002] 

s|f^/-xVx©^<»- ?-3 (cza) 
j: D ? i±if ^n/cv y 3 >^iSS5!pe> -i? x->'^?:S^i§ 
u. ^©>^x--'N®±{c<'PiS§n-ct,^-5. cne>©r''^' 
t^y =i>'i7x->'N©ffiail**'Jffib'C^^lelSS 

^^tfiSL, ttf^psti-ci^-s. c©aJi©fDaifi)±. *fc 
^ --^ ^-jStK <• i^-c . X f 3f -> + V y 3 

(J^T. Xt>t7X-/%iCi^Ci*5$>S) *S 
[0 00 3] c©xt•>^;x->'^«, GZft^KJrOWRS; 

*St,»-CK. xb*)l?rSti-*5»fC, ^©»«i«cSliffi'> 

>; 3 > -t? X - ^ n©p°dS »^m$ n-c # /c. 

[0004] -SSfftfC, ^H^B^J-Cl*. I^Fs^SMicmi^ 
$nS*XF63&5-®?R*>'5 - —^tt^^L ( V a c a n c 
y ) -C^iJ . o^gBtST-PaW^- (Inters 

t i t i a 1 - S i ) t:'*2>. C©I^. i^y^^M^© 

e>^^-r sca^. sjl©.*: ^ «>©*^®iinf«® 

FPD, LSTD. COP^©i/a->'('>^»CfiBJt>5S5ffi 

aic^au. i«^«:«fe{4;v-7^Ht#^6n-ci^ 
^.L/D (♦g^^Pal£fit^^-7•©IIS#> LSEPD. LP 




(3) 



PD^) ©^iii*s<s«gK»s-r*isn-ci,^s. 

[ 0 0 0 5 ] -e u-c, m¥.^^'<Dvmmt i m(D^n 

it. iSSlSftlKF [mm/min] t^¥.fmnm:& 
^eB-Bfi£6«i:^l^®fiS4;)iBG [-C/mm] (CCK 
G» i^.;=i>©B!it.'^-14 12-CA^6 1 400-CST-CD 

Ws'r^^m [mm] T-fiS^l 2'C?:H-fc^ttJ* 
[0006] -fiSiC , itea)SS«i:&!^®fiK^62G». 10 

it mBomKm (^^^^Micis^'-^<'i- o- 0 3q.-c 

ic ,aag|52 0mm?:l^<WI^-C-CF/G*50. 18 
mm^ /'C ■ m i n«T-C«,ntf. ±m 1 

^0 00 7 ] C©J:^^Jt^Sil®*^- ^itS?ife<t^^^l 
^-eV^^t^i:^iV^F/G?:a)S1-2>Ci^»b< 30 

©^<»l^ii^^^^^'<'^*• 
[ 0 0 0 8 ] Tmo^^"^"^-'^^^^^ 

i,.6n?.Ci©^0^- S!?[**50. 0 3Q • cmtiT© 
< I . v®Ji©^l?<t%^F/G©1ii*5, :Sln^©<6 

ifiSSSS®<6S^t©i^n©«-r-. 1 0 ^ y^&.±<o 
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ic Force Microscope; Wf-fStl^ 

[00 10] cne.©§^«> xfi'^ire^f^v^^StJ 
^i.ciA5«o/c. c©<j:^^J:^e. ^«/N--f^-f^ 

[ 0 0 1 1 ] C -C\ *^B3« C © J: ^ ^£ P-m* K®* 

olsasx f ^ + V ^ x-.^^m«■r 4 ij^ccsi^ 

[0012] ^ 

[gis=&»9i-r?>/i:i&©^s] itFiaew%« 

Uc^^Bti. xfir=^^-vi'JHl±ic. :^c#3 1 0 Onm 
5 n mtt±©??ilS*Sff^Sb?tC^C <!:=&!J$®i 

14, mmmcm^^^^ s c <t ©&t»?sa®x t- + 

[ 0 01 3 ] •e-t'-c. :^^m(Dm^2iiCiim.L'tcmn 

^3100 nmlil±. «S 5 n mtLh©?^«a*^?fffiL.^-f 
:3 >'^;x-/^^fi&fflt- ^ C i?:#®<t-ri>x fd^ 

CC ^# 3 1 0 0 n mtt±. iSS 5 n mWi©^^*^^ 

-c^^rnii . X f + + >\^Mkics. f + -> + ^i' 

B±{c f=;^V;^'^tt'&S{t3 Hi S l 0 0 nmti 
J: IgS 5 n m«±©?i5lg*5^^at^cc^liia°n»xb-9=1r 
1. ;U~> '} 3 > ■:7 x-/^?:Sm■r 2. C t*5-c^ €>. 
[ 0 0 1 4 ] S *|feW©ii^3«:fEttl//clfe?a 

=^^->1.;^->u='>'5x-^^©ISi*:^t:-*.^>. c©*^ 
Kx f i» f ;ng j:(c?^*i*5^ < B^r^mmx-ih h 
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m±l'C 3 1 0 0 n ma±. «S 5 n mt^±©^e 
i^B<?aK©x f ^ + -> 1. 'J => > i'^^ 

[0015] '-XiC, ^^HJ©iS^^4K:|BtSUfc^?a 
[0 0 16] C©J:^k:. cZfttca:^T^>Ur7>*e 

>#iteFB«r WEE L , mmm^umf}^ hm^mi. tcmn±m 

flgOi f ^ =^r + -J > ^ - ^^ «:SI^-r set 

[0 0 17] C©ii^. if*^5K:iaKLfcj;^K, 9^ 20 

#<i-?,c<b*5-c^'5>©-e. iteSfi!5:gas©isa^t*^ 

[0 0 1 8] -eL-CC©«^. |g^^6KiBISbfcJ:^ 
tc v;3>#*£H^B©fiSfi^ffF/G [mm^ /-C- m 

i n] (CCKF : m*S^ljES^S [mm/m 1 n] . 
G : miig^BfiSS^ffiiS:^-C©^«^BfiSS$lli:^[6l©S^^i2 30 

["C/mm] t-r^.) 0. 18mm' /-C- mi n 
tXhi L-C . tSJn^ 0 . 0 3 Q • c mU±-C^2^^^ 

0. 03Q • cmWJi©li^f^- ->-;a>mteB^B©)5£fi 
#^F/G*, 0. 18mm' /'C • m i ntiii L/t: 

i^CD~> i; a > i- -'>±iC I b- $ + + Jl'^ %S^-C?^ 
^.^-7^ ^ ;b©?fe£ -^c t .X f 5^ + -> ^I'-V y =« > ''O 

[0019] § hi<c:^^m(Dny>^'mi ccieis ufc j; ^ 
tc. ->.;3>^iefB©fiSs^frF/G^. 

F/G>7 20 -P' -37-P + O. 65 
(C CtCp : #fe^©SJn^ [ Q • c m] . F : ^^Fb 
/DcSiiK t mm/m i n ] . G : mm¥.lt^&nmmX' 
©ilS^.fiRS«l*[^®SS^B5 [-C/mm] i-Ti.) jcj 
^4>©iL/-C. PS-CO. 0 3Q • c mt^TOffi^&i^ 



fitS*0 . 0 3 Q • c mtlT©!©^. =« >^S«^b© 
fiSfi^'ff F /G CPM-r smii!gB^B©S!A$©KS(i b 

[ 0 0 2 0 ] Lt*^H>B©rt*«8 CCiatSL/fcJ;^ 
5 0 0-6 0 0 0 G a u s s i U-CKS-rS C iAiM* 

Lt->. c©J:5ecMCZ-^«:fet,>-c. Ei«nir-&M«** 

3{La*liU (lUT. HMGZatfcl-^^) . *¥««© 

ct3.Cxfia«?^e[=fe5oo~6oooGaus s 

!l<rt©-> V ^ >i^®©»lS]©?ftSfe*5»*«fc < 
©igka:^(fi]©ffirt»l5*5 J: 0 -BJ^Hb § ti, JS^B© 

^jfj ^#fc-rccig^fiXfi©isjHb^0 ^ c i *5-c t ^ = 
sfc. sjt:eifij©*tijfe*WJ3n^.©-c. ^ST©->v=' 

>te<g©?ii:^I^SS^ffi ( d T/d Z ) m < "TS 

[0 02 1 ] $f>tcii^9tCiEtEb?cJ:^K, 
mG<Dmi5\^^^^is^'-^' iJ?J3:<t4>-SPK3. O'C 

G©fiC^^Pi^«^>&ffl''^SCi^«^^'^*^-_*^^ 
^pt£< th—^liC. 3. O'C/mmJi^ii^c?)^?^?:^ 

[0 022] *L-C«3J?JS1 OKiaKL'fcJ:^^^. 

Sfi!ifi*©iS^Bis]iK^ 1 0 T pmm'tn>cttimt 

4S5k{t-r«.©*5«fc<'^*5> ljSSiIgF«:liBmL/«J:^t 

(ca*s^Biite©®i^bWiferBfi£fi^ffii*9<^K^K©^ 

l^-«: fcfc6-r©t?as b < < . 1#^C7"^^' Xl^t; 

*iL.. :$^H^-c»*¥isia^En]ijaL.-cc^-6©-c> ar^fS] 

0D*t»*5}tp^6n. iesiiie=Sr<SM<tL/T*>^?m© 

[ 0 0 2 3 ] 'XtC, 2|s:^Bj<Di«^^ 1 1 KlHiKL/fc^^B 

X'» #teB^©WBS'Ctet^r . tSS2 5 0 mm (1 0 -f 
>9^) y±©;^itSmilSS#^»ji-r^«fc^'^^-^<^- * 

ifeB^-c. ±ie©#ifes«s£*^**j®a-^*^«> '^'^^^^ 
BKiies 1 0 >^£i±©#iS^B©s:^n^]©iiiirt^BS* 



(5) 



[ 0 0 2 4 ] L-C, *^H«©i«*« 1 2 tClBiS^^fcl^ 

^tt. iS3jc]S2JSc^Li«*^i 1 tciatgUfcSJBS^ffitc 
J; 9 HSii 5 nfc C <!: * «S[ i -r i f 5^ + ^l' 

t S 1 0 0 n mtLh. W3 5 n mti±©^S*5^?SE# 

[0025] s ^^mom^m 1 3 ic^L?c^ 

i i T -S) J- f + + -'^~> 'J =» > "5 ^ --'^^^^ 

0%OT<!:/h3<. 7=^^•'f;^©#tt> 
^^^^ -5 c i ©^c t^iSD^DS© f + -> ;v>"J 3 

[0 02 6] «T. *lfeB«K:o#it*ffl«:mBj-rs*5, 20 

iftcj: 9tl^t•^><!:'^;x-^^IIBD©§^*^><'^ 
[ 0 0 2 7 ] cn6©-''>-'?"-f i^jl/i L/'Cil^$^T.-5>?? 30 

■f^t g:^i^cS->y3>'^x-''^©^$S^RS;SB^® 
1 %m^^t-mr ■set *5*iJ 0 #^^©;*c 

cc-CiS^aiiJSSili- S/NJ:b©l6l±K:J:'3Se3J£© 40 
1 /4gS©lRSL*^a* -C^tti-Ct ^ J: ^ fc^^ -otcWi 

xb-^+i'f Jl'««ffl->''' ^'^'^^-^^'^ 
[002 8] --fi^ _hfBU:rcx flii©?^^?*^^^*?^ 
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C i 'J n > X — 4 ^ i - ''^©S® <t 1/ "C ^ 

[0029] C© 1 ^m$S-r*-:>:*ctft:^©«cl> 

*5ig^B©S:^|S]^t:K:*5i,»t:m5ctt5:M^5J;^(cF i 
G'kfm-irnuxx.K m«. fita^o. 0 3q • cm 

J';i±©iKSK^teC^t:W, F/G©«iA50. 18mm' / 
•C - m i nfei±-CS.ialScfc<,^. i^Vii/U-ly Aly^<0 

tf. jl«ffl<r»2>*^ h'/->©G{33SS©4''C^a5-C2. 
5~4. 5'C/mm-C*0. ^1-^ 2 0 mm-C©G«. 
3. 0~6. O'C/mm-Chh. S£o-C< ±ie©F/G 
*?«S-rSK:«F3!)iO. 5 5~1. imm/minfifi 

[0 0 30] ^aE©J.t•■;7X-v^S«iO■Cffl 

tiiE)n^Ct©^C^PS-CStn*0. 03Q-cmWT 
©fiiSK^i^^BCCfcl-^-CS*. ^il©^ig:. '?X->'^±IB1 
55Svmit<!:^£'6F/GiJ. ^ig^©Sln*P [Q • c 

m] ©MtSti^"^'^^> 
F/G>7 20 • -37 • p + 0. 65 
•cai^Sti-5.CiAi«-3fc (S2#M) . (CCtc, 
F : ^B^JiSSiiffi tmm/m in]. G : ^^iThRSS 
l?fflfi<f-c©^Sfi£gtt::?i^«>SS^K t°C/mm] t 

fito-C. mtf. ja3SP2 0mm-C©G*S4. O-C/m 
mfT'Si:. P = 0. 0 1 5 Q • c m-CF > 1 . 03m 
m/min, p = 0. 0 1 0 Q • c mt'F > 1 . 4 1m 
m/min. P = 0. 0 0 7 Q • c m-CF > 1 . 7 1m 
m/m in. p=0. OOSQ-c m^CF > 1 . 9 3m 
m/m\n trj:<0. COJz^ ^cgS:SjiS©iajI<bttS^ 

[oosnseoT. cn?:ft??^-r^/cto(c», ^^yv 

-/->©^MtcJ;0G^<6TS-ti^*^ 4>U<«SRSS 
S©«jHb4ll -cms© F / G ^*^-r 2. C <!: IC/^j 

T«, ^S^«feaiS©ffiT^fS#. *ft14©(gT?:?l^ 

0mm-C©G3&S3. 0 -C/mmlJliriStS*©* f h 
V^>*ttJ?bfcS*. fi£gS0[©?i;a<b«:SO. ±55 

[0 032] {!S;saK©^M<b©fci?>, * 

©S^Ol^lXSiCcto-Ci^^Sti^. ifeS'^Ai^ 



@«:K:ti^{b-r2>i*tc%^-r-2.il^ti^Hsol tifilh 

tt^lSlsk^^JiH (d T/d Z) m K. Hsol 
[003 3] lSS3iS©?Sa{tCC#t^ Hsol B:^tr < 

-T'SCt-C**?, Hout W— Hin 

[0034] -ec-c. *^wc«. fiiJt=feEnttii//c, # 

«©tt*lSlfiS^iH ( d T/d Z ) m ^>h^ <ti,Ct 
y{\n^'hi<'ti>Cti}'i'Q^i> ( Futiiio Shimur 
a; Sani conductor Silicon Crystal Technology, 1989 # 

«*©S7?|S)fifi^SH (dT/dX) in <-rSC 
[0 03 5] T?ii5^. fi£SiiS^«ii<tl^<fc^<i^'^^^ 

-CB, v =J>Sfe?S*®^3SiSlg*5».^tc J: OffiTL-C 

S^Wmac-C^flJWKJ^-^bL-COfc (W.Zulehner et 
al.;Crvstal Vol .8.1982^#M) . 

[0 03 6] . mm^mmLfcm^. ^(om^m 
iS:ttlW6:&rS]©*toit«. mm^n^ctmaii>nxi> 

iK^«£jI{b LT ^g*igK©®rt^^**ffi^«:^^ b-r s 
iK^B©^ffJ*#*5TfiSSiiS©iii3i<b4*^-rs c iT!)^ 

[ 0 0°3 7 ] *ffeB3t:'B. ^^sgitro^'C^i^JS^SS^ 5 
0 0~6 0 0 0Gau s stU. 
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[ 0 0 3 8 ] ±IS©i ^' ^c^ffi^ffl*'' '2> c: i J: 0 . 
Sfi£gjEe®liSiS^b=&0*C<i:*5-Clrfc. cnicj:*)i 

[0039] 

[^BB©IISS®ff5SS] JJIT. *sa^©^©«J^(c-^''^ 

-C-ttffl-ra HMC Zffitcj: s^ssgiiif 

;S:®3U:J;9UiHJ-r^o 03fciF-rJ:^«:. c©m*S^B 
?l±lfJgg3 0B. ?l±tfg3 1 <!:, SI±tfM3 1 

e.nfc;i/7*f3 2 1. ;i/';'Ji<3 2©SHtcffig§n 
3 3R?>'-e©iHifem« (lasvtt-r) i. ->'j=>>©«fe 

2ii. ^©|^tllj©i";3>it?a (i©) 2€:lR?F-r6WK: 
WP,n-Cl-^-5o b-:^3 4©J^miSHCClJ»?«iW 

3 5 3!)sieg3txx(,^-i.. -eu-c. ?i±ifM3 1©*^:^ 

rS]©JHIPK. *5F««ffl?a53 6=&^gL> HMCZtt 

i L r 3 2 ©>Fts&* WW L. . #^a©ssfiS; 

0 [0040] 'XK, ±iB©HMC Zffi^S?l±lf^S 

3 0tcj;^m)EB^BW)S:^a(c-^i.^-cgiBj-r^o *-r, 

* 3 2 rt-C"> U 3 >©W^^ieS;i*4€rit* 1 

4 1 2-c) ]ii±.i.cim\^'cws-ri>. 'Xic. 

ti3WKa!SB^B5©5fe®^ig«XBa«3-ti^. -e© 
i^. ;u ■;' 5l<^f* 3 3 4rfii:©:^(Si«:Hte S -it 2> i t 

^\ 'k^\±i-f^l'C^f^'0 ~ ^tSSfiXSiifiF [mm/ 
m i n ] <bmi^SfiKfil?Sia^-C-©^B^BE£S«i:&r6]©S 
K^EG [-C/mm] •r-ato3tv^>F/G [mm' /'C 

• m i n ] ^ji^icsB^-rnB. 1 mm^^t.tj:i^^^ 
[004 1 ] Jii±o«k^«^. ±si-cm.mLtcm&ysmt 

BJ©HMCZS©3i^^i:*<*TtCEiEgS-ttnB. laSfiK 



u 

[0 04 2] *^Bg(Difdf + >'-fJt'->';=i>'5i- 

[0 04 3] mt*. CVDfeicJ;^.'>';=i>xf^'=1r 
J^^^«. S i C 1 , , S i HC 1 , . S i Hz 

CI. . siH, ©4«*^amttffl$*i-ct'^e= sit«?a 

gli S i C 1 , ©JS^W. ^iLTH, KiS*^® 
TCO/cJf) 1 1 5 0~ 1 2 0 0-Cilg< . 
/j:<fj:^iffiSCC^c'5> SiH, ©li^K:«^^S¥SlE 
tCj;-^-Cl 0 0 0~ 1 1 0 0"C-CBXS3i±2). :tf^» + 

a-r'&S*^*^*j^1*®l^-t^l^'*- ffi!n^©l^-14© 
[0 04 4] 

;Srplf-CSiH^-r -5*^ - C ti (CK^ S n *i © 

(7^;^ h 1 ) ISJa^S ~ 1 2 Q • c m©®li-e. 
ag|52 0mni{ig-C©«S*frF/G?r0. 15 5 mm 
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(54) EPITAXIAL SIUCON WAFER. ITS PRODUCTION AND SUBSTRATE FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high quality epitaxial silicon wafer which contains no I 
region (interstitial-silicon-rich region where interstitial silicon atoms are predominant over 
vacancies) throughout its whole surface and is produced by forming a wafer from a silicon single 
crystal and then stacking an epitaxial layer on the silicon wafer and in which no projection-shaped 
surface deformation observable as projections or particles in the surface of the epitaxial layer 
exists, to produce a single crystal containing no I region within a sliced surface in the diameter 
direction of the single crystal, throughout the whole surface, in good yield, to improve productivity 
of the epitaxial wafer and to reduce the cost of the epitaxial wafer. 

SOLUTION: This production process for forming an epitaxial wafer which contains no projections 
having >100 nm size and >5 nm height in the surface of its epitaxial layer, and growing a silicon 
single crystal by a CZ(Czochralski) method, comprises: growing a silicon single crystal bar 
containing no I region; slicing a wafer from the grown single crystal bar; and stacking an epitaxial 
layer on the wafer containing no I region within the sliced surface throughout the whole surface. 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused 1:^ the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The epitaxial silicon wafer characterized by a projection with a magnitude [ of lOOnm or 
more ] and a height of 5nm or more not existing on an epitaxial layer. 

[Claim 2] The manufacture approach of the epitaxial silicon wafer characterized by using the silicon 
wafer with which a projection with a magnitude [ of lOOnm or more ] and a height of 5imi or more does 
not exist as a silicon wafer for epitaxial substrates. 

[Claim 3] The manufacture approach of the epitaxial silicon wafer characterized by using the single 
crystal which does not include an I region (a self-interstitial atom says a superior field here in a hole 
compared with an I region) as a silicon wafer for epitaxial substrates. 

[Claim 4] The manufacture approach of the epitaxial silicon wafer characterized by loading with an 
epitaxial layer the silicon wafer which does not include an I region all over the inside of the field which 
raised the single crystal rod which does not include an I region, and was started fi-om this single crystal 
rod in case a silicon single crystal is raised with the Czochrlski method. 

[Claim 5] The manufacture approach of the epitaxial silicon wafer indicated to claim 4 characterized by 
impressing a magnetic field in case a silicon single crystal is raised with said Czochrlski method. 
[Claim 6] growth condition F/G [mm2 / **, and min] (here - F:single crystal growth rate [mm/min] ~) 
of said silicon single crystal the temperature gradient [**/mm] of the crystal growth shaft orientations 
near the G:single crystal growth interface - carrying out as more than 0.18mm2 / **, and min It is 
0.03 or more ohm-cm of resistivity, and the whole surface within a field of tiie direction of a path of a 
single crystal is V field (with V field here), a hole says a superior field compared with a self-interstitial 
atom — it is — the manufacture approach of the epitaxial silicon wafer indicated to claim 4 or claim 5 
characterized by raising a single crystal rod. 

[Claim 7] growth condition F/G of said silicon single crystal — a degree type, and F/G>720andrho — the 
manufacture approach of the epitaxial silicon wafer indicated to claim 4 or claim 5 characterized by 
raising the single crystal rod whose whole surface within a field of the direction of a path of a single 
crystal it is the low resistivity of 0.03 or less ohm-cm in P type, and is V field as a thing according to 2- 
37-rho+0.65 (here - rho: - it considers as the resistivity [omega-cm] of a single crystal). 
[Claim 8] The manufacture approach of the epitaxial silicon wafer indicated in any 1 term of claim 5 
characterized by making said magnetic field to impress into a level magnetic field, and setting the main 
magnetic field strength to 500 - 6000Gauss thru/or claim 7. 

[Claim 9] The manufacture approach of the epitaxial silicon wafer indicated in any 1 term of claim 4 
characterized by using the structure in a fijmace which can make the part which becomes at least a part 
in mm and 3.0 degrees C /or more in the direction distribution of a path of said temperature gradient G 
thru/or claim 8. 

[Claim 10] The manufacture approach of the epitaxial silicon wafer indicated in any 1 term of claim 4 
characterized by setting crystal rotation under said single crystal growth to ten or less rpm thru/or claim 
9. 

[Claim 1 1] The manufacture approach of the epitaxial silicon wafer indicated in any 1 term of claim 4 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eiie?u=http%3A%2F%2F^^ 1/4/2005 



Page 2 of 2 




characterized by manufactimng the large diameter single crystal rod more than the diameter of 250mm 
(10 inches) in training of said single crystal thru/or claim 10. 

[Claim 12] The epitaxial silicon wafer characterized by being manufactured by the manufacture 
approach indicated to said claim 2 thru/or claim 11. 

[Claim 13] The substrate for epitaxial silicon wafers characterized by the oxygen density side internal 
division cloth manufactured by the manufacture approach indicated to said claim 2 thru/or claim 1 1 
being 10% or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the substrate for epitaxial silicon wafers at a large 
diameter epitaxial silicon wafer and its manufacture approach hst. 

foSSiption of the Prior Art] Many of devices, such as an arithmetic element memory, etc. by which 

m^ufecture is carried out, manufacture a wafer from the siUcon single crystal w^ch was able to 
^Mnv with the Czochrlski method (CZ process), and it is produced on the wafer ^ide. Using *he 
pole surface of a silicon wafer, these devices constitute an electrical circuit and are operating it. An 
^itaSS silicon wafer (it may be hereafter called EPIUEHA) is often used as the techmque of 
nreventine upgrading ofthis surface, and a latch rise. , . . a o« 

m0031 tSs EPIUEHA is produced by growing up an epitaxial layer (it being hereafter called an 

SewS^ cm down frolic silicon single crystal raised by the CZ process etc. Although 
S Syer is ^cked in EPIUEHA therefore, the quality of the mirror plane sihcon wafer used as the 
whstrate has been made light of until now. j -p 

rOOMl G^^ally in a cryslal, the point defect of those with two kind and one formed at the time of 
cmta STv^^; holeT^ac and another is a self-interstitial atom (Interstitial-Si). Among this, the 
Sce?r^a^ f^m lack of a sUicon atom and the field where a thing like ahole is supenor are V 
S aSd Ae field where self-interstitial atoms generated when a silicon atom exists too much such as 
a^^a^^^^^en^tnValumpof^ 

considered as the void reason to which hole type pomt defects gathered in this V field, such as tru, 
StD a^d?OP ^xist in high density, and it is supposed in ^ -g^-,^^l^*^p^^^^^ 
length to diameter (the cable address of the dislocation loop between gnds, LSEPD, LFPD, etc.) 
considered to be dislocation loop reasons exists them in a low consistency. ^ . ^. ... 

fooSl^d SirboSy of V field of a under [ a crystal ] and an I region is decided by the ratio witti 
Zil^t^S [^^e crystal growth shaft orientations rate-of-crystal-^o^^^^^^ 
She crysSl growtii interface ] G [**/mm] (it is the numeric value to which G broke 12 degr^s C o^^ 
t^neral^ graSents by shaft-orientations distance [mm] from the melting pomt of 1412 degrees C of 
SuSrASlSis C here), and F/G. When constant value with this F/G is exceeded, it becomes V 

Son ofTpa^^^^ groA^ interface, is small in a core, and large at a crystal p^phery (refer 

f^^Sl ) Since th^rystal growth rate under training is fixed m the direction of a p^^^ 
dirSi^tribution of a path of F/G becomes the shape of the mverse number of Ae durect^n 
SSuS^ 5a oaA of G If the constant value which has F/G all over a crystal growth interface is 
eiSSTe c^^^^^ wWch d* s ^fhave an I region all over a wafer will be obtained However, since a 
Slefect cSs out out-diffusion of the 20mm of the periphery sections of a ^ry^t^^^a coastal front 
fr at tEs time and it becomes the field which can disappear, this part is usually removed and 
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considered. For example, if F/G is more than 0.18mm2 / **, and min by all the insides except 20mm of 
peripheries in the crystal of the usual resistivity (what shows the resistivity of 0.03 or more ohm-cm in 
this invention), the crystal of a whole surface V field will be obtained. On the contrary, if F/G is below 
0.18mm2 / **, and min by all the insides except 20mm of peripheries, the crystal of a whole surface I 
region will be obtained. 

[0007] In manufacture of the large diameter crystal 10 inches or more which becomes in use fi-om now 
on in such a situation, the difference of G of the crystal center section and a periphery is large, and since 
a growth rate F falls according to increase of the solidification latent heat, it is becoming difficult to 
attain F/G which serves as V field in all the directions of the diameter of a crystal. For this reason, in the 
wafer side, an I region and V field tend to be intermingled, and have become, and many of large 
diameter wafers which appear on the market in a commercial scene include the I region. 
[0008] On the other hand, since boron with a small covalent radius exists in high concentration with the 
P type low resistivity wafer of 0.03 or less ohm-cm, a self-interstitial atom tends to exist, the value of 
F/G used as the boundary of an I-V field becomes large with decline in resistivity, and resistivity with 
being used [ much ] as a current substrate for EPIUEHA goes. Therefore, many of P type low resistivity 
wafers which appear on the market in a commercial scene include the I region. 
[0009] 

[Problem(s) to be Solved by the Invention] In recent years, EPIUEHA which grew up the epilayer at low 
temperature more on the large diameter crystal 10 inches or more has been manufactured more often in 
the flow of the formation of a large diameter, and low-temperature-izing of EPI growth temperature. The 
opportunity for the particle which was not conventionally observed on EPIUEHA to be observed in such 
a situation has increased. And it is the particle which will be detected by the high sensitivity particle 
measuring method on the mirror plane wafer front face used as a substrate if such particle is 
investigated, and if these are observed by AFM (Atomic Force Microscope; atomic force microscope) 
etc., it has turned out that it is distortion of the front face of the letter of a projection observed as a 
projection or particle (it may be henceforth called the letter particle of a projection). 
[0010] These projections became still larger when the epitaxial layer was stacked, and being detected as 
usual particle etc. also understands a certain thing for them. And it turned out fiirther that the I region 
said for there to be few defects conventionally has many these projections. When such a projection and 
the letter particle of a projection constitute an integrated circuit from a device process on a wafer front 
face, they become causes, such as an open circuit of wiring, and the effect which it has on the property 
of a device and dependability is large, and cannot accept the existence on the quality of EPIUEHA. 
[001 1] Then, this invention was not made in view of such a trouble, and forms the wafer which does not 
include an I region all over the inside of a field from a large diameter single crystal, this is loaded with 
an epitaxial layer, while offering the high quality epitaxial wafer with which the letter particle of a 
projection does not exist in an epilayer front face, tiie whole surface within a field manufactures the 
large diameter single crystal which is not an I region with the sufficient yield by the sex from Takao, and 
it sets it as the main purpose to aim at improvement and a cost cut of the productivity of EPIUEHA. 
[0012] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention might 
attain said purpose, and was indicated to claim 1 of this invention is an epitaxial silicon wafer 
characterized by a projection with a magnitude [ of 1 OOnm or more ] and a height of 5mn or more not 
existing on an epitaxial layer. The projection of said harmfiil magnitude or the letter particle of a 
projection hardly exists on quality on the epilayer, therefore such an epitaxial silicon wafer has very rare 
generating of an open circuit of wiring in a device process etc., and the high quality epitaxial wafer 
which does not have a bad influence on a device property and dependability can be obtained. 
[0013] And invention indicated to claim 2 of this invention is the manufacture approach of the epitaxial 
silicon wafer characterized by using the silicon wafer with which a projection with a magnitude [ of 
lOOnm or more ] and a height of 5nm or more does not exist as a silicon wafer for epitaxial substrates. 
Thus, if the silicon wafer with which a projection witii a magnitude [ of lOOnm or more ] and a hei^t of 
5nm or more does not exist is used as an object for epitaxial substrates, the high quality epitaxial silicon 
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wafer with which a projection with a magnitude [ of lOOnm or more ] which worsens a device property 
on an epitaxial layer, and a height of 5nm or more does not exist after epitaxial growth can be 
manufactured. 

[0014] Furthermore, invention indicated to claim 3 of this invention is the manufacture approach of the 
epitaxial sihcon wafer characterized by using the single crystal which does not include an I region as a 
silicon wafer for epitaxial substrates. Thus, a wafer is cut down from the single crystal which does not 
include the I region which is the cause which a projection generates at an epitaxial layer top, and if the 
silicon wafer which does not include an I region all over the inside of a wafer side is used as an object 
for epitaxial substrates, the epitaxial silicon wafer of high quality with which a projection with a 
magnitude [ of lOOnm or more ] and a height of 5nm or more does not exist on an epitaxial layer can be 
manufactured. 

[0015] Next, in case invention indicated to claim 4 of this invention raises a silicon single crystal with 
the Czochrlski method, it is the manufacture approach of the epitaxial silicon wafer characterized by 
loading with an epitaxial layer the silicon wafer which does not include an I region all over the inside of 
the field which raised the single crystal rod which does not include an I region, and was started from this 
single crystal rod. 

[0016] Thus, in case a silicon single crystal is raised by the CZ process, the silicon single crystal which 
does not include an I region in a single crystal is raised, if the silicon wafer which does not include an I 
region all over the inside of the field started from this single crystal rod is loaded with an epitaxial layer, 
the letter particle of a projection or a projection hardly occurs on an epitaxial layer, and the epitaxial 
silicon wafer of high quality can be manufactured. 

[0017] In this case, a magnetic field can be impressed in case a silicon single crystal is raised with the 
Czochrlski method, as indicated to claim 5. Thus, if a magnetic field is impressed, since the convection 
current of the silicon melt of the direction which crosses line of magnetic force can be controlled and the 
temperature gradient in silicon melt can be enlarged, improvement in the speed of the rate of crystal 
growth can be attained. 

[0018] and it indicated to claim 6 in this case - as - growth condition F/G [nmi2 / **, and min] (here - 
Frsingle crystal growth rate [mm/min] -) of a silicon single crystal the temperature gradient [**/mm] of 
the crystal growth shaft orientations near the Grsingle crystal growth interface - carrying out ~ as more 
than 0.18mm2 / **, and min ~ 0.03 or more ohm-cm of resistivity and the single crystal rod whose 
whole surface within a field of the direction of a path of a single crystal is V field is raisable. Thus, if 
growth condition F/G of a silicon single crystal is raised as more than 0.18mm2 / **, and min when the 
single crystal to produce is 0.03 or more ohm-cm of resistivity, the whole surface within a field can raise 
the single crystal rod which is V field, can stack an epitaxial layer on the silicon wafer of the whole 
surface V field within a field started from tiiis single crystal rod, and can manufacture the epitaxial 
silicon wafer of the letter particle of a projection which is not almost. 

[0019] As fiirthermore indicated to claim 7 of this invention, growth condition F/G of a silicon single 
crystal a degree type, and F/G>720andrho - 2-37-rho+0.65 (here - rho: - the resistivity [omega-cm] of 
a single crystal -) F: A single-crystal growth rate [mm/min], G: The single crystal rod whose whole 
surface within a field it is the low resistivity of 0.03 or less ohm-cm in P type, and is V field as what 
follows for considering as the temperature gradient [**/mm] of the crystal growth shaft orientations near 
the single crystal growth interface is raisable. Thus, if the single crystal to produce raises growth 
condition F/G of a silicon single crystal according to a formula when expressed as a fimction of the 
resistivity of the single crystal to produce with P type in the case of 0.03 or less ohm-cm of resistivity 
The whole surface within a field of the direction of a path of a crystal can raise the single crystal rod 
which is V field, can stack an epitaxial layer on the silicon wafer of the whole surface V field within a 
field started from this single crystal rod, and can manufacture the epitaxial sihcon wafer of the letter 
particle of a projection which is not almost. 

[0020] And as indicated to claim 8 of this invention, it is desirable to make the magnetic field to impress 
into a level magnetic field, and to manufacture the main magnetic field strength as 500 - 6000Gauss. 
Thus, in the MCZ method, the magnetic field to impress is made into a level magnetic field (henceforth 
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the HMCZ method), the convection current of the lengthwise direction of 500 - 6000Gauss, then the 
silicon melt in a crucible is efficiently controlled in the main magnetic field strength of a level magnetic 
field, the oxygen evaporation in a crystal periphery is stopped, the field internal division cloth of the 
direction of the diameter of a crystal of an oxygen density is equalized fiarther, and improvement in the 
speed of crystal growth can be attained, without being accompanied by deformation of a crystal. 
Moreover, since the convection current of a lengthwise direction is controlled, it is the shaft-orientations 
temperature gradient (dT/dZ) m of the silicon melt imder a crystal. It can be made small and a growth 
rate can be accelerated. 

[0021] As fiirthermore indicated to claim 9, in the direction distribution of a path of a temperature 
gradient G, it is desirable to use the structure in a fiimace which can make the part which becomes at 
least a part in mm and 3.0 degrees C /or more. The fall of productivity will be drawn, although it is easy 
to use tiie low structure in a fiimace of G in order to attain above-mentioned F/G. The fall of 
productivity will not be caused, if the growth rate F to which F/G attains V field all over a wafer is used 
using the structure in a fiamace of having the part which becomes at least a part in mm and 3.0 degrees 
C /or more in the direction distribution of a path of the temperature gradient G of a crystal growth 
interface as shown in claim 9. 

[0022] And as indicated to claim 10, it is desirable to set crystal rotation under single crystal growth to 
ten or less rpm. In order to make the whole wafer surface into V field, it is good to accelerate a growth 
rate, but if it is going to accelerate a growth rate F, deformation of a crystal will occur. In order to 
suppress this deformation, it is effective to low-speed-ize crystal rotation, but generally, since low- 
speed-ization of crystal rotation brings about the ununiformity of the oxygen density within a crystal 
growth interface, since curvature occurs to a wafer especially at a device process, it poses a problem 
desirably. However, since the level magnetic field is impressed in this invention, the convection current 
of a lengthwise direction is suppressed and improvement in the speed of a growth rate can be attained, 
without the field internal division cloth of an oxygen density not deteriorating extremely, and being 
accompanied by deformation of a crystal, even if it low-speed-izes crystal rotation. 
[0023] Next, in invention indicated to claim 1 1 of this invention, the large diameter single crystal rod 
more than the diameter of 250mm (10 inches) was manufactured in training of a single crystal. If 
satisfied with this invention of the above-mentioned single-crystal-growth conditions, the whole STjrface 
within a field of the direction of a path of a single crystal with a diameter of 10 inches or more can be 
grown up as a V field comparatively easily, and it can prevent that a projection occurs in EPIUEHA. 
[0024] And invention indicated to claim 12 of this invention is an epitaxial silicon wafer characterized 
by being manufactured by the manufacture approach indicated to claim 2 thru/or claim 1 1 . Thus, a 
projection with a magnitude [ of lOOnm or more ] and a height of 5nm or more does not exist on an 
epilayer, but the epitaxial silicon wafer obtained by the approach of this invention turns into an epitaxial 
silicon wafer of the high quaUty which does not have a bad influence on the property of a device, and 
dependability. 

[0025] Furthermore, invention indicated to claim 13 of this invention is a substrate for epitaxial silicon 
wafers characterized by the oxygen density side internal division cloth manufactured by the manufacture 
approach indicated to claim 2 thru/or claim 1 1 being 10% or less. Thus, the oxygen density side intemal 
division cloth of the substrate for epitaxial silicon wafers obtained by the approach of this invention is as 
small as 10% or less, and it tums into a substrate for epitaxial silicon wafers of the high quality which 
does not have a bad influence on the property of a device, and dependability. 

[0026] Hereafter, although explained to a detail per this invention, this invention is not limited to these. 
While studying growth of the epilayer of an epitaxial wafer, this invention persons* opportxmity for the 
particle which was not conventionally observed on EPIUEHA to be observed has increased. And it is the 
particle which will be detected by the high sensitivity particle measuring method on the mirror plane 
wafer fi^ont face used as a substrate if such particle is investigated, and if these are observed by AFM 
(atomic force microscope) etc., it has turned out that they are the projection on the firont face of a wafer, 
or distortion of the front face of the letter of a projection. 

[0027] When the generating field [ front face / of the projection observed as such particle or the letter of 
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a projection ] of distortion was investigated in the detail, it turned out that it is in agreement with the I 
region distribution at the time of single crystal growth of the silicon wafer used as a substrate. That is, 
since the fall of a single crystal growth rate takes place and it becomes easy to generate an I region into a 
crystal with the formation of a large diameter of a single crystal, it is thought that particle came to be 
observed on EPIUEHA, Furthermore, in the substrate wafer including these I regions, when the high 
sensitivity measuring method of a particle counter was used, it turned out that particle is detected 
corresponding to an I region. A high sensitivity measviring method is a measuring method which can be 
detected now to about 1/4 conventional scattered-light reinforcement by improvement in a S/N ratio 
here. Therefore, it tumed out that the substrate wafer which does not include an I region is suitable as a 
silicon wafer for epitaxial substrates. 

[0028] As a result of the projection on the above-mentioned epilayer or the letter particle of a projection, 
investigating the effect which it has on the property of a device, and dependability on the other hand, it 
tumed out that it will not influence at all in magnitude if the magnitude of the letter particle of a 
projection or a projection is 5nm or less in lOOnm or less and height. Therefore, if the silicon wafer 
which does not contain the projection more than the above-mentioned magnitude or the letter particle of 
a projection is used as a substrate of EPIUEHA, the epitaxial silicon wafer of high quality will be 
obtained. 

[0029] What is necessary is just to control F and G so that F/G of single-crystal-growth conditions 
exceeds a predetermined value in all the directions of a path of a crystal in order to manufacture the 
wafer which does not have a big projection, excluding this I region. For example, in the crystal of 0.03 
or more ohm-cm of resistivity, the values of F/G should just be more than 0. 1 8mm2 / **, and min. If it is 
not the hot zone which set up G lowness especially for reduction of a grown-in defect, G of the usually 
used hot zone is 2.5-4.5 degrees C/mm in the core of a crystal, and 20nmi [ of peripheries ] G is 3.0-6.0 
degrees C/mm. Therefore, for satisfying above-mentioned F/G, it tums out that F is the 0.55 - 1.1 
mm/min extent need. Since the solidification latent heat generated in case silicon melt crystallizes 
becomes large, the rate which can be grown up falls and it is becoming impossible however, to attain the 
above growth rates in a large diameter crystal 10 inches or more. 

[0030] Furthermore, it tumed out that F/G firom which the whole wafer surface serves as V field in the 

low resistivity crystal of 0.03 or less ohm-cm of resistivity as a result of an experiment with P type with 

being used [ much ] as the present EPIUEHA substrate is expressed with a degree type, F/G>720 and 

rho2-37, and rho+0.65 as a fimction of resistivity [ of a single crystal ] rho [omega-cm] (refer to drawing 

2 ). (It considers as the temperature gradient [**/mam] of the crystal growth shaft orientations near the 

F:single crystal growth rate [mm/min] Gisingle crystal growth interface here) 

If it follows, for example, 20mm [ of peripheries ] G carries out in 4.0 degrees C/mm, it becomes 

[ rho=0.015 ohm-cm ] F>1.93 mm/min by F>L71 nmi/min and rho=0.005 ohm-cm by F>1.03 nam/min 

and rho=0.010 ohm-cm at F>L41 mm/min and rho=0.007 ohm-cm, and improvement in the speed of 

such a growth rate cannot be attained easily. 

[003 1] Therefore, in order to solve this, G will be reduced by modification of a hot zone, or 
improvement in the speed of a growth rate will be attained, and desired F/G will be realized. However, 
in order that the fall of G including modification of a hot zone may cause the fall of the rate which can 
be grown up and may cause the fall of productivity, it is not desirable. So, in this invention, while 20mm 
[ of periphery sections ] G had maintained the conventional hot zone which is 3 .0 degrees C/mm or 
more, improvement in tihe speed of a growth rate was attained, and the above-mentioned problem was 
solved. 

[0032] In this invention, a level magnetic field impression CZ process (HMCZ law) and low-speed 
crystal rotation were used for improvement in the speed of a growth rate. Crystal growth possible rate 
Vmax in a CZ process It is determined by the heat balance of the crystal under growth. The heating 
value included in a crystal is the solidification latent heat Hsol generated when the heating value Hin to 
the crystal firom silicon melt and a liquid carry out a phase change to a solid-state. It is. Heating value 
Hout discharged fi-om a crystal when the heat balance near the crystal growth section is considered 
Hin+Hsol It is thought that it is equal to the simi. Respectively, Hin is the shaft-orientations temperature 
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gradient (dT/dZ) m of the silicon melt under a crystal. Hsol To the rate of crystal growth F, it is Hout. It 
S thought that it is proportional to the temperature gradient G of crystal growth mterface nght above 

(refer to drawing 3 ). , . • . i f 

r00331 It follows on improvement in the speed of a growth rate, and is Hsol. Smce it becomes la^e, tor 
improvement in the rate which can be grown up, it is Hout. It is necessary to enlarge or to make Hm 
small By improving a growth rate, not changing a hot zone but maintaimng G, the purpose of tins 
invention is raising a crystal without an I region, and is Hout here. I think that it is fixed. Therefore, it is 

necessary to make Hin small. • „ i i 

100341 So the magnetic field was impressed in this invention. By impressing especially a level magnetic 
field it is the shaft-orientations temperature gradient (dT/dZ) m of the silicon melt under a crystal It can 
be made small and Hin can be made small (refer to Fumio Shimura;Semiconductor Sihcon Crystal 
Technology and 1 989). Furthermore, it is the direction temperature gradient (dT/dX) m of a pam in 
silicon melt by impressing a magnetic field. It can enlarge and the solidification from the crucible wall 
generated when growing up a crystal at high speed can be prevented (refer to a Nikkei micro device and 
Sie 1986 July issue). By such effectiveness, it is Fmax. It is possible to pull up a upper limit. However, 
the above-mentioned growth rate was not able to be attained only now. t ^ ♦ 

100351 That is, when it is going to accelerate a growth rate, deformation of a crystal occurs. In order to 
stop this, it is effective to low-speed-ize crystal rotation. However, low-speed-ization of crystal rotation 
brings about the ununiformity of tiie oxygen density within a crystal growth interface. The unumfomuty 
of the field internal division cloth of an oxygen density is unsuitable as an industnal product ui order to 
cause problems, such as wafer curvatiire in a device process. This is because the oxygen d^isity m 
silicon melt is falling by evaporation in the circumference of the crystal under growth. At the 
conventional CZ process, the ununiformity of the oxygen density of this core and ^ penph«y was 
compulsorily equalized by the forced convection caused by crystal rotation (W. refer to Zulehner et 
al.;Crystal Vol.8 and 1982 grade). 

[0036] However, when a magnetic field is impressed, it is ^^o^n that the convecti^^ current of the 
direction which crosses the line of magnetic force will be controlled. By tiie HMCZ method, tiie 
convection current of a lengthwise direction is suppressed for lateral line of magnetic force. For this 
reason, the tiiickness of a boundary diffiision layer does not become thm by the f^P^^^^'f^^'f^ 
with the usual CZ process. Therefore, even if it low-speed-izes crystal rotation, it is possible for the field 
internal division cloth of an oxygen density not to deteriorate extiremely, and to use crystal low-speed 
Station, and it cannot be accompanied by deformation of a crystal, but unprovement m the speed of a 

So^MSn^TaS'eM strengtii of a level magnetic field is set to 500 - 6000Gauss, and the crys^ 
Snunder siSle crystal growth was contioUed by this invention to ten or less ^. By c^g out 
like this the lengthwise direction convection current of silicon melt is conti-oUed efficiently, the 
m^^ve^ess of thTcore of the oxygen density witiiin the crystal growth interface accompanymglow- 
speed-izing of crystal rotation and a periphery is improved, and impiwement in the speed of crystal 
growth can be attained, without being accompanied by deformation of a crystal, 
mo^^mfng tiie above technique improvement in the speed of tiie rate of aystal ^owtii was able to 
be attained. ThLby, excluding the I region which is not desirable as an EPIUEHA substrate, tiie whole 
wafer See is V fidd, tiie yield is good and a sUicon single crystal witiiout a big projection can be 
manufactured for high productivity. 

[Embodiment of tiie Invention] Hereafter, tiie gestalt of operation of tiiis inv^ition is explain^ to a 
detail, referring to a drawing, first, HMCZ used by tiiis invention - drnwingj explains the exemiple of a 
configuration of tiie crystal pulling equipment by law. As shown m ^mmgA ' ^^^^^^f,^ 
equipment 30 The pull-up room 31, tiie crucible 32 prepared all over tiie pull-up rooin 31, and fee heater 
34 a^anged around a cmcftle 32, It has tiie reel style (not shown) which rotates or rolls round the 
crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechamsm (not shown^ fee 
seed chuck 6 holding fee seed crystal 5 of silicon, fee wire 7 feat pulls up a seed chuck 6, and a wire 7, 
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and is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds the silicon melt 
(molten bath) 2 of the inside, and the graphite crucible is prepared in the outside. Moreover, the heat 
insulator 35 is arranged around [ outside ] the heater 34. and the horizontal outside of the pull-up room 
31 "the magnet 36 for level magnetic fields ~ installing — HMCZ — the convection current of silicon 
melt 2 was controlled as law, and the stable growth of a single crystal is measured. 
[0040] Next, the single-crystal-growth approach by the above HMCZ method crystal pulling equipment 
30 is explained. First, within a crucible 32, the hi^ grade polycrystal raw material of silicon is heated 
more than the melting point (about 1412 degrees C), and is dissolved. Next, a level magnetic field is 
impressed and the tip of seed crystal 5 is made contacted or immersed in the surface abbreviation core of 
melt 2 by beginning to roll a wire 7. Then, while rotating the crucible maintenance shaft 33 in the proper 
direction, single crystal growth is started by rolling round rotating a wire 7 and pulling up seed crystal 5. 
Henceforth, the single crystal rod 1 of an approximate circle colunm configuration can be obtained by 
adjusting a pull-up rate and temperature appropriately. If F/G [nmi2 / **, and min] expressed with 
temperature gradient [ of the crystal growth shaft orientations single crystal growth rate F [mm/min] and 
near the single crystal growth interface ] G [**/nim] is adjusted appropriately in pulling up the single 
crystal rod 1 of this approximate circle column configuration, the single crystal which does not include 
an I region will be obtained. 

[0041] as mentioned above, the silicon single crystal manufactured by the manufacture approach 
explained above and equipment - setting - HMCZ of this invention - if it is made to grow up to be the 
bottom of the suitable condition of law, there is very little deformation in spite of high-speed growth, 
and when it is processed in the shape of a wafer, even if it processes it into an epitaxial wafer excluding 
an I region all over the inside of a field, a single crystal rod without a big projection will be obtained. 
[0042] The epitaxial silicon wafer of this invention forms a mirror plane wafer from the wafer cut down 
from the single crystal rod which does not include an I region all over the inside of the field of the 
direction of a path of the single crystal manufactured, for example by the above manufacture approaches 
and equipment, and if an epitaxial fihn is stacked with the usual CVD method by making this into a 
substrate, it can make an epitaxial silicon wafer without distortion of the front face observed as a 
projection or a projection on a front face. 

[0043] For example, the silicon epitaxial growth by the CVD method introduces the material gas 
containing Si in a fission reactor with carrier gas (usually H2), on the silicon substrate heated by the 
elevated temperature 1000 degrees C or more, deposits Si generated by the pyrolysis of material gas, or 
reduction, and is performed. Material gas is SiC14, SiHC13, SiH2C12, and SiH4. Four sorts are usually 
used. Reaction temperature is SiC14. A case is mainly H2. If it is as high as 1 150-1200 degrees C 
because of the hydrogen reduction to depend and the rate of chlorine decreases, it will become low 
temperature, and it is SiH4. It is made to grow up to be a case at 1000-1 100 degrees C by the pyrolysis 
reaction. Although a horizontal-type fiimace, a vertical (disk) fiimace, a barrel-type fiimace, ********^ 
etc. are used for an epitaxial growth system, whenever it processes one sheet at a time from the batch 
type of several multi-sheet coincidence restoration with the formation of a large diameter of a silicon 
substrate, a leaf type is becoming in use also from the point of aiming at improvement in productivity, 
and homogeneous improvement in thickness and resistivity. 
[0044] 

[Example] Although an example is given and the gestalt of concrete operation of this invention is 
explained hereafter, this invention is not Hmited to these. The next trial was performed, in order that the 
letter particle of a projection or a projection might check whether it generates on a wafer front face if it 
is what kind of conditions when growing up an epitaxial layer into introduction and the diameter silicon 
wafer of macrostomia. 

(Test 1) In the range of resistivity 8-12 ohm-cm, growth condition F/G in 20mm location of crystal 
peripheries from a single crystal rod with a diameter of 8 inches pulled up as 0.155mm2 / **, and min 
The wafer (referred to as W-2) which does not include an I region all over the inside of a field was 
produced from the wafer (referred to as W-1) which includes an I region the whole surface within a field 
mostly, and the single crystal rod which pulled up growth condition F/G in 20mm location of crystal 
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peripheries as 0.239mni2 / **, and min. For count of this G, in addition, for example The comprehensive 
heat transfer analysis software (F. 33 Dupret, P.Nicodeme, Y.Ryckmans, P.Wouters, and M.J.Crochet, 
Int.J.Heat Mass Transfer, 1849 (1990)) called FEMAG It was used, the distance to the location which 
becomes 1400 degrees C from the melting point of 1412 degrees C of silicon was calculated, and the 
numeric value which broke 12 degrees C (1412-degree-C-1400 degree C) by this distance was set to G 
(degree C/mm). 

[0045] When these wafers were observed using the particle coimter which is high sensitivity, dispersion 
of the shape of very small particle was detected by the periphery section which hits the I region of W-1 
[refer to drawin g 4 (a)]. When this was observed by AFM, it turned out that it is a projection [refer to 
drawing 5 ]. When this was loaded with the epitaxial layer with a thickness of 2 micrometers, particle 
was observed in the same location as the location where very small particle-like dispersion was observed 
[refer to drawing 4 (b)]. Also in this particle, AFM showed that it was a projection (refer to drmmgA ). 
The magnitude had lOOnm - no less than lOOOnm, and height had 5nm - no less than 20nm. On the other 
hand, in W-2, although the particle of high density was checked all over the wafer, the thing of the letter 
of a projection was not found [refer to drawing 7 (a)]. Most particle was not checked when this was 
loaded with the epitaxial layer [refer to drawing 7 (b)]. The projection was not checked even if observed 
by AFM. When using the silicon wafer which does not include an I region the whole surface from these 
tests as a substrate for epitaxial wafers, also after growing up an epitaxial layer into a wafer front face, it 
turned out that the letter particle of a projection or a projection does not occur on a wafer front face. 
Based on this result, the manufacture conditions for acquiring suitable quality using a wafer with still 
bigger aperture were established. 

[0046] (Example 1) HMCZ which impressed the level magnetic field of main magnetic-field-strength 
4000Gauss - in law, the diameter single crystal of 12 inches of resistivity about 10 ohm-cm was raised 
by crystal rotation 7.0rpm from the 28 inches crucible. According to the hot zone used here, 20mm [ of 
circumferences of a crystal ] G was 3.55 degrees C/mm. At this time, it was raisable by growth rate 0.99 
mm/min. 20mm [ of circumferences ] F/G is 0.279mm2/degree C and min. The wafer-like sample was 
started from this single crystal rod, the oxygen density was measured by the core and the periphery (it is 
10mm part to the direction of inner circumference from an edge), and oxygen density side intemal 
division cloth was measured as x(| core concentration-circumference concentration | / main 
concentration) 100(%). Consequentiy, oxygen density side intemal division cloth was 5% or less. An 
OSF ring was not observed by the wafer-like sample started from this crystal, but the crystal which does 
not include an I region was able to be obtained to it. 

[0047] In this way, on the obtained silicon wafer, it is SiHC13+H2. The epitaxial layer with a thickness 
of 2 micrometers was grown up at a gas ambient atmosphere and 1200 degrees C. When the front face 
was measured at the particle counter, on the epilayer of EPIUEHA, the letter particle of a projection or a 
projection was not detected. 

[0048] (Example 1 of a comparison) The diameter single crystal of 12 inches of resistivity about 10 
ohm-cm was raised from the 28 inches crucible under the same condition as an example 1 except having 
raised by the usual CZ process which does not use a magnetic field. At this time, 0.61 mm/min extent of 
the growth rate was an upper limit, and 20mm [ of circumferences ] F/G was 0.172mm2 / **, and min. 
When the location of the OSF (oxidation induction stacking fault) ring which exists inside an I region 
with the wafer-like sample started from this crystal was investigated, it was observed from the 
circumference in the location of about 30mm. Therefore, it was checked that the periphery of a wafer 
serves as an I region. Moreover, when oxygen density side intemal division cloth was measured, the 
value was about 12%. The big projection was observed by the periphery when this wafer was loaded 
with the epilayer on said conditions. 

[0049] In addition, since it is dependent also on the oxygen density under crystal, whether an OSF ring 
appears or it does not carry out may make a mistaken judgment, in case the above evaluations are 
carried out. Then, the oxygen density of the crystal used for evaluation this time carried out to more than 
13ppma(s) (JEIDA), and heat treatment was set as for 1000 degrees C, 3 hours and 1 150 degrees C, and 
100 minutes. When an OSF ring fiirthermore was not once detected by heat treatment, 1 150 degrees C 
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and heat treatment for 100 minutes were added and evaluated. Thus, that out of which an OSF nng does 
not come through two heat treatments was judged to be that by which an OSF ring is not detected. 
[00501 (Example 2) For the diameter of 8 inches, resistivity was changed and two kinds of P type low 
resistivity crystals of 0.03 or less ohm-cm were manufactured. The OSF ring evaluation same into these 
crystals as the example 1 of a comparison was performed, and it asked for the relation between the 
location of an OSF ring, and growth condition F/G. Consequently, growth condition F/G for the I region 
which exists in the outside of an OSF ring not to enter into a crystal As a function of resistivity rho 
(ohm-cm), it is a degree type, F/G>720 and rho2-37, and rho+0.65 (here), rho: ~ the resistivity of a 
single crystal -- the temperature gradient [**/mm] of the crystal growth shaft orientations near the 
[omega-cm] F single crystal growth rate [mm/min] G:single crystal growth mterface - carrying out ~ it 
turned out that it is what is expressed (refer to drawing ! ). Based on this, the crystal which does not 
include an I region as follows was made as an experiment. 

[00511 20mm [ of circumferences ] G raised the 8 inch crystal of resistivity 0.015 ohm-cm by growth 
rate 1 4 mm/min using the hot zone which is 3.74 degrees C/mm. At this time, the oxygen density side 
internal division cloth obtained by the gas fusion method was 10% or less. 20imn [ of circumferences of 
the crystal with which F/G required of resistivity 0.015 ohm-cm is 0.257mm2 / **, and min, and was 
raised from the upper type this time ] F/G is 0.374mm2 / **, and min. An OSF ring was not detected by 
the wafer-Uke sample started from this crystal. Therefore, it was checked that the whole wafer surface 

serves as V field. , 
[0052] (Example 3) Next, 20mm [ of circumferences ] G raised the 8 inch crystal of 0.008 ohm-cm by 
growth rate 1 .78 mm/min using the hot zone which is 4.33 degrees C/mm. At this time, the oxygen 
density side internal division cloth obtained by the gas fusion method was 10% or less. 20mm [ of 
circumferences of the crystal with which F/G required of resistivity 0.008 ohm-cm is 0.40mm2 / **, and 
min and was raised from the upper type this time ] F/G is 0.41mm2 / **, and min. An OSF rmg was not 
detected by the wafer-like sample started from this crystal. Therefore, it was checked that the whole 
wafer surface serves as V field. It was checked in F/G beyond the value calculated from the above- 
mentioned formula as mentioned above that the crystal which does not include an I region is obtamed. 
[0053] When [ said ] the epitaxial layer with a thickness of 2 micrometers was grown up sumlarly, on 
the epilayer of EPIUEHA, the letter particle of a projection or a projection was not detected by these two 

kinds of wafers. ^ i r 

[0054] (Example 2 of a comparison) 20mm [ of circumferences ] G raised the 8 inch crystal of resistivity 
0 014 ohm-cm by growth rate 1 .0 mm/min using the same hot zone as the example 2 which is 3.74 
degrees C/mm. F/G required of resistivity 0.014 ohm-cm was 0.273mm2 / **, and mm from the upper 
type and 20mm [ of circumferences of the crystal with which it was raised this time ] F/G is 
0 267mm2 / **, and min, and resulted in it being less than calculated value. The OSF ring was detect«i 
fix)m the circumference by the wafer-like sample started fix)m this crystal in the location of 25mm, and it 
was checked that the 1 region is included in the periphery. r • t 

[0055] The above-mentioned example 2 of a comparison was one of the experimental results ot a single 
string which went to accumulate which ask for F/G-rho relational expression, it changed conditions, was 
conducting such an experiment repeatedly, was able to raise the precision of relational expression, and 
was able to prove it according to the example 2 and the example 3. 

[0056] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical tiiought indicated by the claim of this invention, and does 
the same operation effectiveness so, it is included by the technical range of this invention. 
[0057] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when the diameter of 8 inches and a 12 inches silicon single crystal were raised, this 
invention is not limited to this, but there is no involvement in a diameter, for example, it can be applied 
also to the diameter of 16 inches, or the silicon single crystal beyond it. 

[fiffect of the Invention] As explained above, when it was processed into EPIUEHA all over the inside 
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of the field of the direction of a path of the single crystal which is quality suitable as a silicon single 
crystal for epitaxial wafer substrates according to this invention, excluding an I region, the yield of a 
high quality silicon single crystal and improvement in productivity without a projection (particle-like 
dispersion) were aimed at, and sharp reduction of a single crystal manufacturing cost was attained. Since 
a silicon single crystal suitable as a low resistivity single crystal which is the single crystal for large 
diameter EPIUEHA and the present mainstream which become in use thereby firom now on can be 
offered, while it is cheap and being able to offer the epitaxial silicon wafer of high quality with which 
the letter particle of a projection or a projection does not exist, the device manufacture yield, a device 
property, and dependability can be raised greatly. 



[Translation done.] 
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* NOTICES * 

iTPO and NCXPX are not responsible for any 
damages caused by tbe use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawin g 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
(a) 



(b) 





[Translation done.] 
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